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Theory of S-Wave Pion Nucleon Scattering　Ｕ
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　　　　　　　　　　　　　　　　　Kunio　Hatakeyama
(Ｄｅｐａｒｔ･ｍｃｎｆ.　ｏｆ PIりｓicｓ, Ｆａｃ辺りof Litｅ？･ａはｒｅ ａｎｄ Ｓｃｉｅｎｃｅ， Ｋｏｃｈｉ ＩＪｎｉｖｅｒｓiり)．
　･§　1　Introduction
　Recently, Hamilton and Ｗｏｏｌｃｏｏｋ１）tｒｅａtｅｄａ s-wave phase-shift analysis of pion nucleon
scattering by dispersion-theoretic method. Their results are represented as follows.
　　＆(戸)= 0.178/.-0.01/>'
　'δ3(戸)＝－0.08坏－0.07戸3.
Here, di(p) and SiCp) are the s-wave phase-shifts corresponding to
　　　　total isotopic spin 1/2
and
(1-1)
(1－2)
　■　　　　　　　　　　/ｚ　　　　　　　　3/2
in pion (with momentum 夕) nucleon system respectively. Similar result was obtained by
Geffen'' also.
　Theoretical　treatment　of s-wave　pion　nucleon. scattering was　discussed　J）y　many
ａｕthorｓ3）.Ｆｏｒｍｅｒlyauthor*' treated　this problem in　the same title as this article by
Chew-Low formalism.
　Again in this article, we analyze　the S･wave　pion nucleon　scattering by　Chew-しow
formalism, referring new data in eqs. (1一一1) and (1-2).
　But, this procedure does not succeed in describing the experimental behavior:
　Moreover, in this method, if we adopt the numerical values of the first term in right-
hand side of eqs. (1-1) and (1-2) for the 6 rst order momentum dependence of phase-
shifts, we must take ａ too small cut-off energy, andヽNe. cannot explain the third order
momentum dependence.
　§　２　Total Hamiltonian for pi on nucleon scattering
　!,Ve take as our total Hamiltonian for pion nucleon scattering in Chew-Low formalism,
the following form･ ，
　　　Ｈ＝Ｈ。十Ｈ。十月。十Ｈ≫,
Here,
　　　Ｈｏ＝Σａｔ＋ａｉｃ.ｏ
　　　　　　　ａ
　　　　　　　　。　　　　Ｖ。（ゐ）Ｈ。＝ヌΣ　 --＝＝
　　　　　　　　*.≪:'｡い，ｉ｡,ソ2ｓ
1ら(がよ
ソ瓦ア
ｙ。(ど)
1/公ニ‾
匹(（レ
1/匹ぶこT)(
　　(at + <2*゛)(ａｉ.十α１，゛｀)(αｉ，十ak''*)(.oic.･,･十ａ。ｙ)
Ｈ。＝Σ(Ｕ　ｖｋ.ａｋ十び。ｊどzｊ)，
びi'k = ifi>(.ak)一了Eてｒｊら(ゐ)，
Hｓ＝Σ{びsａ･(心十心゛)(心’十ａど｀）十Ｕ≒ａ･(αｊ－心))心・十心･り}，
　　　k.k'
びsａ･＝ルiｱEこ=フに７ｙ,(た)ｙs(が)，
(2-1)
(2-2)
(2－3)
(2－4)
(2－5)
(2－6)
(2－7)
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U’，．,．／＝ベーぶ)ﾏﾂﾞﾙy-nk.tり1/ｽΞﾁ×‰(た)ｙ，(ｙ)．
Now,
　　ｒ〔ｇ.ｉ･〕＝Ｑ・{k,k'.だ″) = (1,2,3) cyclic
and
（71 ‘＝
ao =
ぴ3=
(2－8)
(2－9)
(2－10)
(2一打)
　In these equations, the symbo】s are employed as fol】owing meaning･
　心゛:creation operator for single pion
　αｌ　:annihilation operator for single pion
　　4＝ソrマド‾　　　　　　　　　　　　　　　　　　　　　　　　　　　(2-12)
　　ぴ:nucleon spin vector
　　Tk : kth component of nucleon isotopic spin operator･
　In our notation, the pion quantum　numbers are all described　by a single symbol　ゐ，
which includes the three components of momentum and isotopic spin.
　The quantities ‰０)，lら(ゐ)ａｎｄ ｙ。(た) are all‘momentum representation of nucleon
form factor for each interaction terms, name】y Ｃｕt･Ｏ斤factors in momentum space･
　　§　3　Scattering equation
　The total Hami】tonian (2 ―1) has ａ complete set of eigenstates (pn･
　These states include　the four　single-nucleon states　φ0, the one-pion states　(pg, two･
pion states etc. We are of course　particularly　interested　in　the ｏｎｅ･pion　states with
outgoing waves,φ9(゛).　And the symbol φ９(‾)ｍｅａｎｓ　incomingwave･
　Wave function (ho satisfies the equation
　　Ｈφ・＝O，　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　(3－1)
　べNave functionφ,(゛)is ａ solution of the Schroedinger equation
　　(Ｈ－ω,)φQ ―u.　　　　　　　　　　　　　　　　　ダ　　　　　　　　　　　　　　(3－2)
　If we set
　　φ,(゛)一心゛φ．゜Z(゛)，　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　(3－3)
we see that
　　　(Ｈ一叫)Z(゛)＝－CH－ω,)ら゛φ・.　　　　　　　　　　　　　　　　　　　　　　　　(3－4)
　So we get
Ｚ(゛)゜
Ｈ
1
-
ωQ IE
〔Ｈ。十亙。＋Ｈｓ、ａｊ〕φ・、 (1-5)
(3－8)
(3-9)
C3-10)
(4－2)
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where the symbol (-ie) is inserted to produce ontgoing wave.
　We rewrite equation (3-5) as follows :
　　z(゛)＝－万二⊇二に二77ふ(‾)･(ら(‾)[〔Ｈ。十と。十Ｈｓ．ａ＜，キ〕|φ。)｡　　　　　(3－6)
　sｏ，Ｔ･matrix for this reaction is obtained as next expression
　　７９(7z)＝(わ(‾)|〔Ｈ。十万。十Ｈｓ，ａ，゛〕jφ。)｡　　　　　　　　　　　　　　　(,3－7)
　In later discussion, we　sha】1 see that the trivial dependence of Tg(n) on variable g
helps to achieve an important simplification in the present ｍｅt･hod of calcu】ation.
　In order to　investigate　the properties of　Tnin), first of all, we must　note that in･
coming wave can be sett】ed up as　　　　　　　　｡゛
φｐ（‾）＝αｊ＋φＯ -一一
耳一ω。十八
〔Ｈｍ十万。十Ｈ。ａｐ＊〕ら
　Now, from equation (3-7), we define 7^-matrix for scattering, as
　　Ｔ９(戸)＝(φ。(-)l〔Ｈ。十耳。十Ｈｓ，ａｏキ〕jφ。).
Fron!ｅｑｕａtｉｏｎ(3－8)，ｗｅsee that Taip) is represented as
　　几(夕)＝(φ。|〔お,〔河。十河。十Ｈ．，ａ＊〕〕|φ。)
〔Ｈ。十亙。十Ｈｓ，ａ。キ〕jφ。)
　For convenience in following description, similarly to expression (3-9), we introduce
ａ new expression 5,(/>) by
　　乱(戸)＝(φ。(-)l〔ClgtHm十万。十ＨＪφ。〕｡　　　　　　　　　　　　　　　　(3－Ｈ)゛
The 6 rst term in the right-hand side of equation (3-10) can be simplified as follows.
If we　replace the coupling constants　in ｅｑs.(2－7)ａｎｄヽ(2－8)by　the corresponding
renormalized ones, we get
　　(祠〔・,〔万。十耳。十凡,ら゛〕〕|φ。)
　　　＝〔お,〔Ｈ　ｓ．ａ≪キ〕〕十(φ。|〔。,〔Ｈｍ＞ａｏ＊〕〕|φ。)｡　　　　　　　　　　　　(3－12)
Here in equation (3-12), the term which concerns to interaction Ｈ。, disappears for
the sake of 】inear dependence of Ｈ。 about operators α。and an*｡
　§　4　Discussion about Born term
　Born term　originating in　p-wave interaction Hamiltonian ｊも。is included in the in-
termediate zero-pion term in the second and third terms in　the right･hand side of eq.'
(3－10).
　Born term originating in S･wave interaction Hamiltonian H,, is the first term in the
right-hand side of eq. (3-12)｡　　　　　　　　　　　　　　　　　　　　　‥
　Born term originating in pion-pion interaction Hamiltonian Hn,, will be included in
the second term in the righ-hand side of eq. (3-12).
　From the equation (2-3), we get for the second term of ｅｑ.ロー12), as
　　(φ。|〔。,〔JJm>ａｏ－〕〕|φ。)
　　　= ＼nに心とし.j勺二乙=しΣj二心=と=し。上尚=どこ(φ。|(４十心り(４･十４･り|φ。) C4-1)
　　　　　　　ソ2ω。　ソ2ω。ｔ,ん，ソ2ωｉ　　ソ2ωｇ･
＝12バｙ之と．ヱ墨比づ）
　　ソ瓦‾　1/乱丁
In equations り1－1）ａｎｄ（4－2），fｒｏｍ£)term we must subtract the self-energy term
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of loop type figure in pion-pion interaction, because zero-energy state is defined by eq.
(3－1)ａｎｄ because the outgoing one-pion state is 山ｅ eigenstate of total Hamiltonian 耳
in eq. C2―1) belonging to the eigenvalue Wg (similarly also for incoming state)｡
　§　5　Scattering amplitude on non-energy shell
　1n equation (3-10), we take up to one-pion approximatioりfor intermediate state folio-
wing Chew-Low formalism. Here, for intermediate zero･pion state, only Ｈ。 term con-
tributes in this equation.　Thereover, we insert eqs. U-2) and (3-9) in eq. (3-10),
referring eqs.　(3-11) and (3-12). So, we get
　　几(戸)＝〔ａ。,〔Ｈ．，ａ，＊〕〕＋12λくｼﾞﾂﾞましﾍﾞｼj万万・7)
　　　　十二{〔心,亙。〕〔Hj。ら゛〕－〔Ｈ恥ａ･Ｑキ〕〔伽IH p〕}
　　　　　CＯＰ?
? １
石(ゐ)゛Ｔ，(ゐ)＋
こ
ﾔ
荒戸9(ゐ)゛＆(珀)
(5－1)
Here, the second term of right-hand side of eq. (5 ―1). contributes to only s-wave pion
nucleon scattering. Hereafter, for brevity, we assume that
　　VpUり)＝ｙ。(戸)＝ｙ，(戸)＝Ｆ(戸)｡　　　　　　　　　　　　　　　　　　　　　　　　(5－2)
　We define scattering amplitudes /,｡。(ω。,ω≫)and ｇ祁(ω。,叫) for s- and p-waves respec-
tively, as follows:
　The projection operators for eigenstates of isotoJDic spｍ, Ｎ≫{p,q), is described as
　　ｙ1(か９)＝上でｐでQ
　　　　　　　　3　　　　　　　
1　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
(5－3)
　　ｙ3(かq) = 5p。一千ｒタ^<7　　●　　　　　　　　　　　　　　　　　　　●
Similarly, the projection operators　for eigenstates　of angular　momentum. Ｌｅｔ(.p,q),is
described as
　　£i(p,q) = (a･ｙ)Ｇ･々)　　　　　｜　　　　　　　　　　　　　　(5－4)
　　£3(p,g) = 2(p･η)－０･7;)Gり).f
　So, scattering amplitudes /４(ωj。cug)and ｇ。βＧﾘj。叫)for s･ and p-ヽ■vaves.are defined by
and
Ｔ。(戸)゛－47゛ﾄ?ともE?){弓/“(COPi　(Ｏｎ)ｙ゛(か9)
　十Rか武４,叫')Ncc(p,g)Lβip.ci)
＼
瓦(戸)＝一如V(.p)Vｼﾃﾞ
'.a,･‾叫)N≪,(:p,り)
　－Rg叩(Ｏ）ｐｉ（.On)Ｎ貳拓ｑ)μ(卜ｑ)}｡
(5－5)
(5－6)
　Hereafter, we only concern about sべvave scattering. So, by eqs. (5-1), (5-5) and
（5－6），　we　get　the　equation　for　s-wave　scattering amplitude　on　non-energy　shell,
similarly with HI4），
/z衣ω・，ω９）＝
?
　１
一一　祐
つ(２七＋12λ£)十αてぐGｱ仰(～十叫)
Here
and
＋
1
－
7「
(5－7)
C5-8)
(6
?
3）
(6－4)
(6－5)
(6－6)
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｢叔４〔ｙ(ゐ)〕2 /ｋｊ(叫,ω。)臨(心,叫)
ωｉ‾ωp ― ie
ぞ/４バ(４，一Wci)ha'＼U)k,一心)し
　　　　　　　(り恥＋Cl)≫
Here
　　　(μｊ)＝(μ1,μ3)＝(－2，＋1).
δ臨･十
干
μベー1)‾≒‾‾
?
５
　§　6　Equation for modified scattering amplitude on energy shell
　From eqs. (3-9), (5-5) and (2-8), it is easily seen that dependence of ha鳶(.^ＯＪｐ，　ＯＪｏ)
about variable叫is trivia】and linear ； that is .
　　　/４((ＯｒiiCUo)＝ﾉ14((卵)十ＣＯｎＢｏ.'^ＯＪｐ).　　　　　　　　　　　　　　　　　　　　　　　　(6一口
　By this dependence　and from eq. (5-7), we get Chew-Low equation for s･wave
　　　　　　　　ｄscattering amplitude on energy shell
　　　臨(（りＰｉＣＯｑ)三11（も犬(ω/．).　　　　　　　　　　　　　　　　　　　　　　　　　　　　(61－2)
By　the deposit of　ω7,十几　to　complex　variable　z, we　get　the equation　of　scattering
amplitudje for ｚ，
　　　/咄(ｚ)＝∠１．十ｒ･μ．･£
十干j kdo,dV(k')〕2{
|/４(４)12，E I/“'(叫)12〔δ‘“'十手仰トげ
C'fc ― Z
∠la― "S一石こ2･毎十＋12λ£）
→一子j･・
八
doikiVlik)侈〔一千[ブフ]
ω£十応
×〔Ｂｇ，゛(ωｉ)Ａ。,(ｏ√)十Ｂａ’ｌｃＯｆｃ,)A<./べωj)十ωＪ召ｙ〔ωｊ〉!2〕
　　　　　　　　　　　　　(〉心ｒ=づ古臨てjUｙ十干十ｆＭ４〔ｙ(ﾀ)〕2〔|鼠(４)12-|風(４)円}
　　　　　　　　　　　　　１
As the-boundary condition, if 2 approaches tｏω。･十iｅ, iia(z) approaches to
eｘｐ〔八‰(戸)〕sin5aj(/))
　　戸･〔Vip)〕2
　From eq. (5-7), h。(z) must satisfy the crossing rｅ】ation
　臨(一之)＝ﾖ(ら･十十仰(－1)匹)/ぶ(ｚ)　　　　　(6－7)
Referring eq. (6∠3) and from this crossing relation, we get　　　　　　　　　　｀
　j1＝j2＝j＝－(万元２ｲﾗご十＋12λ£)}　　　　　　　(6－8)
This statement means that the third term (integrand) of right-hand side of eq. (6-4)
ｍでJﾂﾞごにUllhよ
HI4)，ｗｅ put
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臨(ω。)〔Vip)〕=//≫(ω。)， (6－9)
and, in fcllowing, call th‘ヽｓ　Ｈ≫(ω。)ａsthe modified scatteriりg amplitude on energy shell.
　In ａ similar way as eq. (6－3)，ｗｅ get Chew-Low-like equation for HaCz) in following.
　　亙・(ど)＝ｙ(ｚ)(ｊ＋ｒ･μｇ)
十V(z)十j″たゐ４1
wt ― z
恥。･十 不仰(－1)斗斗]
ωｇ＋２
Now, we inserted the result of crossing relation (6 ―8) in eq. (6-10).
　By eqs. （6－6）ａｎｄ（6－9），if ｚ approaches tｏω。十ie,Ｈ≫(z) approaches to
exp {iS。(戸)}sin5。(/))
-
　/)･ｙ(戸)
(6-11)
This is the boundary condition for real axis greater than 1，･which H。(z) must satisfy.
　§　7　Numerical solution for equation of modified scattering amplitude
　For each charge state, in energy shell range of ｖａ】ueof equation (6 ―6), equation
(6－10)ｂｅｃｏｍｅs as
戸'Ｆ
＝Ｈ１(ω。)
゜ｙ(y))(∠1十ｒ(－2)吻)十Ｆ(戸)y･
and
十
|私(４)卜(一一ﾄ)
　　　　　　(吋十ω・
刊/(戸)･り|私印川2
ぐ
んｊ４[(鳥)|芒ﾂﾞﾀﾞﾋﾟ12
IH3(ωj)12十
　ω１＋ωj，
?
一竺旦旦学ｸﾘﾔ∂3(戸)゜橘いい＝ｙ(戸)り十八＋1)吻)
　　　　　●　０く3
十V{p)十Ｓ ｋｄｉｏｋ[(鳥)
　　　　　　１
|稲(４)j2
ａ
十
l皿(゛)12十
＋
11-ｈ(゛)12十
ωね十ωj， ωA;+ (Op
(7-1;
?
　　　　十Vip)･り＼Hs(w。）12.　　　　　　　　　　　　　　　　　　　（7－2）
　For the numerical discussion, we take the data (1-1) and (1-2), especially the first
term of right-hand side of each equation.
　In following, several techniques are ｅｍｐ】oyed tQ solve equations （7－2）ａｎｄ（7－1）.
　At first, we introduce new variable Uk,‘by the relation
　　z４≡ωt-l.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（7－3）
Moreover, for simplicity of calculation, we can put an approximation
　　た≒尚　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（7－4）
in eqs. (7-1) and (7-2).
This approximation (7 ―4) is　justifiable　in the range　of　appropriate　error　and　will
preserve the essential and general point of view for this solving ｗａy･
　In the integral equations (7-1) and (7-2), we･assume that the ｃｕt･offfactor l/（バ）is
ａ straight type. Namely
　　Vip)=＼.　for　Oく心くＫ　　　　　　　　　　　　　　　　　　　　　　　　　　　（7－5）
　　l/（/））＝O　for　zz。＞尺｡　　　　　　　　　　　　　　　　　　　　　　　　　　(7-6)
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尺is ａ cut-off ｖａ】ue.-
　Inserting the expression （7－3），tｈｅ approximation （7－4）ａｎｄ the assumption (7 ―5)
into eqs. (7 ―1) and C7 ―2), we get, for smaller value of z｡。than K,
　　Hsiu。く尺）＝j＋/ベー2）十Ｆ（－2）Ｕｒ＞
-ト上
乃
｜ＵｋｄＵｋ,
???????
十fzぶ昂(・)12，
and
|Ｈ,(.ｕ。)12十|私(゛)12
(
橘(４く尺)＝ｊ十ｒ(＋1)十ｒ(＋1)４十王
一千)十|瓦(４)12÷
心十Ｕｒ，＋2
Ukduk[(Ｐｒ)
|月3(z４)12
-
Uk ―U夕
　　　　|私(z４)卜卜刊凡(４)|≒　、j
　　十　　　　丿
十z。＋2　　　
3　]十iup＼Hi(up)＼''
'
Here、we had put
　　沁隔)≡Ha(,Up)
　To solve these equations, v゛ｅtake next approximation. We put
引 IＨふ４)12心,ん－Ｃ。，
?
(7－7)
(7－8)
(7－9)
(7－10)
and in integral terms of ｅｑs.（7－7）ａｎｄ（7－8），IR，12 is deposited simply bｙ,Ｃ。. This
is ａ conventional approximation to progress this discussion.
　So, from eqs. (7-7) and (7-8), and taking into the data (1-1) and (1-2), we get
瓦(O)＝十〇.178 =∠1十ｒ(－2)十‘Ｃ1
２
-３
and
紆ベヤ寸1・牟付))
H3(O)＝-0.087＝j十ｒ[十])十干c3(÷尺
　紆くヤ寸I。，(プ))
log
訃べ
尺＋2
-　２
))
(7-11)
(7－L2)
(7-13)
and
(7-14)
尺＋2
-　2
　For the mean value of Haiuic) in the range of variable Uti　from ｏ to 尺, we get
from eqs. (7-7) and (7-8),
十干c3{÷尺-(子尺十干)ｌｏｇ(⊇がjyjし)}十fjEc1，
　　χ六
万J゛私(t４に)ｄｕｋ＝∠1十ｒ(十Ｄ十八＋1)今十干c3{十瓦－(午十干)】ｏｇ(⊇ぎす卜)1
　　0
寸寸ﾄｰ(年子)痢堕芋)卜知
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approximately, the eqs. ロー11), (7-12), (7-13) and･(7-14) are respectively repre-
sented as fol】ｏｗｓ:
0.178=//+r(-2)+ ―ま尺･Ｃ汁旦旦瓦:･Cs
-0.087 =∠1＋ｒ(＋1)十
7「
　0 ．６
-
π
　　　　　7「
尺･C3十乱入尺･C1，
　　　　　　π
支
二
ＬＨ１(４)ｊ４＝ｊ十八－2)十/'(－2)午
＋Jこ旦尺･Ｇ＋旦旦尺･Ｇ＋ﾊﾞｼＣ １タ
　-jj- H3(uk)duk =∠1十『(＋1)十八＋1)今
　　十上土尺･c3十旦ユ瓦･c1十K
　　　π　　　　　　π　　　　　　　　2
Subtracting eq. (7-16) from (7-15), we get
　0.266=r(-3) +旦生瓦Ｇ一旦上瓦Ｇ．
Inserting eq. (7-15) in eq. (5-17), we get
１
一尺
Ht(じ４)画仙＝ｒ(－２
(7
(7
15）
－16）
(7-17)
(7－18)
(7-19)
）1し十〇178十壁ＫＣ,十讐刄C3十i今C1　（7-20）
　Making the expression
　(eq.ロー20) minus午ｘｅq(7－19))
and depositing Ｃ３in c. in this expression, ｗ･ｅ収t
　古fH1(tiｔ.)clｕｔ.=0.266×十{し十〇178十壁尺c1十ｉ廿
Similarly, inserting eq. (7-16)in eq. (7-18). we get
　士于H3(z４)ぬ４＝八＋1)今－0087十壁ＸＣ３十丿今Ｃ3
　Making the expression
　(eq. (7-22) plus午ｘｅｑ（7－19））
and depositing Ｃいｎ Ｃ３in this expression, we get
If we set, approximately, (compare eq. (7-10))
１
一尺
.ｒ　　　　　　　　　　　　　　　　尺
Ha(uk) dukﾄﾞ＝ｃ，＝ﾘご于IH，(４)12み４，
　　　　　　　　　　　　　0
(7-21)
(7－22)
(7－23)
(7-24)
(8－4)
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eqs. (7-21) and (7-23) become next relations.
　　C1＝（0.089尺十〇.178十〇. l(,KC^y十（0.5尺CI）2　　　　　　　　　　　　　　　（7－25）
　　C3＝（－0.045尺－0.087十〇.16尺C3）2十(0.5尺C3）2.　　　　　　　　　　　　　（7－26）
　To eq. (7-25) has ａ positive root for CT｡cut-off尺must have ａ range. If we take
this upper limit as value of K, we find that
　　尺＝2● 5●‘　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（7－27）
In this case, we find from ｅq.（7－25）ａｎｄ（7－26）ａs the values of c, and Ｃ３
　　Ci = 0.30　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（7－28）
　　C3 = 0.05.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　(7-29)
　So, from eq. (7-19X we get the result
　　ｒ＝－0.08.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（7二30）
And, from eq. (7-15), we get as
　　∠}=-0.10.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（7－31）
　§8　Discussion of result
　From ｅqs.（7－3）ａｎｄ（7－27），ｗe find that the cut-off energy　is ａ extremely　small
value 3.５ compared with nucleon mass .Ｍ(=-7.0). This demand comes　from the state
of total charge
士(namely
NAp,g') in eq. (5-3)) in pion nucleon system. And, from
eq. (7-28), it is found that the mean va】ue of ＼H,Ko>t)＼＼ Ci in eq. （7－10），is equal
　　　　　　　　　　　　　　　　　　　　　　　　　　　　4to 0.30 and is extremely large compared with threshold value (0.178)^
　Moreover this discrepancy is deepened by the consideration about first derivative of
ｍｏｄ凶ed scattering amplitude　at threshold　and by the comparison with the data of the
second term of right･hand side in eqs. (1一口 and (1-2).
　In the range of experimental result　for data （1－1）ａｎｄ（1－2）ｉ），ｎａｍｅｌｙ　momentum
夕~-l, we can　put, by eps. (7 ―3) andロー12）
　　ｙ＝2（吻－1）＝2Uｖ-　　　　　　　　　　　　　　　1゛　　　　　　　　　　　　　　（8－1）　7
So eqs. (1 ―1) and (1 ―2) becomes, in representing the data by new variable z,。in eq.
（7－3），
　　　侃（戸）＝0註78－0.01（21め）　　　　　　　　　　　　　　　　　　　　　　　　　　　(8-2)
　　　戸　　　　　　　　　　　　　　，
　　ザ＝－0087－007（24）　　　　　　　（8－3）　　■
　The　last　procedure　makes next　relations, referring　the approximated deposition in
（8－2）ａｎｄ（8一3），
　半ぐ円七石丿干(ヤ1寸Ｇ)
(ｺﾞﾀ1ｸ
‾
)
幻,=OミＨｊ(O)゜r(十)1十干CsClog尺＋1)
　半牟ド)七八つ手(紆・.一言)
　The numerical values of eqs. （7－27），（7－28），□
for the right-hand side of eqs. (.8― 4) and･(8-5), as
　　　　　　　　　（8－5）
29) and (7-30), give the ｖがlue
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　　Hi’CO) Uheor. )= 0.36
　　厩に（O）（tｈｏｅｒ.）＝－0.07
respectively.
　This resultis extremly contrary to the experi巾entalvalues
　　亙ご(0)(exp. )=-0.02
　　fh'(O) (exp.)=-0.14
based on Hamilton and Woolcock'' , namely eqs. (8-2) and (8-3)
　§　９　Conclusion
(8－
(8－
6）
7）
(8－8)
(8－9)
　　Whether these　circumstance is ａ result of defect ･on the approximation in §7, es-
pecially deposition of I/-/≪I'by Ｃ。，０r essentially 山ｅ Chew･Low formalism is unsuitable
for the s-wave pion nucleon scattering, we must survey the future research.
　　As an another view-point, we must pay attention to the fact that the Chew-Low foｒ･
malism in fixed source theory neglects　the effect of pair of nucleon　and ａｎtinｕｃｌｅｏｎ３）.
This is an essential point for s-wave pion nucleon scattering･
　　Recently the composite model for pion3）is discussed ‘by several authors.
　　If we can find ａ reasonable　thoery, which　can connect these　last two　topical ideas
{nucleon　anti-nucleon　pair effect and composite　model Ｏ卜pion) and　the　energy renor･
malization in Chew-Low s-wave theory based on eq. (3-1),･the problem ｗil】progress
in explaining the queer behavior of the phase-shifts of s-wave pion nucleon scattering,
..namely data of eqs. (1-1) and (1-2)｡
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